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OFFSET MEASUREMENT METHOD, 
TOOL POSITION DETECTION METHOD 
AND 

BONDING APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an offset measurement method, a tool position detection 
method and a bonding apparatus. More specifically, the present invention relates to a method and 
apparatus that allows the accurate calculation of the amount of offset betv^een a position detection 
imaging device and a processing member such as a tool. 

2. Prior Art 

In bonding apparatuses, such as a wire bonding apparatus, a bonding head is mounted on 
an XY table. On this bonding head, a position detection camera and a bonding arm are provided. 
The position detection camera is used to image a reference pattern on objects to be bonded such as 
semiconductor devices, etc. in order to specify the bonding points on these objects to be bonded. 
The bonding arm has a tool on its one end so that the tool performs bonding on the objects to be 
bonded. The position detection camera and the tool are installed so that the optical axis of the 
position detection camera and the axial center of the tool are shifted by a fixed distance. This 
arrangement is made so that the tool and bonding arm do not interfere with the visual field of the 
position detection camera when the position detection camera images the reference pattem on the 
object to be bonded. Generally, the distance or the between the optical axis of the position 
detection camera and the axial center of the tool is referred to as the "offset". 

Since the position detection camera determines the reference point that is used in order to 
ascertain the position to which the tool is moved, it is extremely important to ascertain exactly 
how far the position detection camera is offset from the tool. However, since the actual amount of 
offset varies from instant to instant as a result of thermal expansion of the camera holder and 
bonding arm caused by radiant heat from the high-temperature bonding stage, the amount of 
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offset mus, be corrected at the time that Wing work is initiated and with an appropriate timrng 
during the bonding work. 

For this pnrpose, Japanese Patent Application Laid-Open (Kokai, No. S59-69939, for 
instance, discloses a method that corrects the ^o„„. of offset. ,n this method a pressure ,n. .s 
formed by a tool a, a suitable location within a bonding range, the position of the too. ts detect«i 
by a position detection camera to detect the position of pressure mark, and the amount of offset ,s 
c^rlted based upon this position, h, this method, the center coordinates of 4e pressure mark a. 
determined by performing specified image processing on image data obtained by photoeleeme 

these coordinates. 

However, in the above-described conventional construction, the pressure marks of the tool 
1 are not always distinct. Furthermore, unlike cases in which a special pattern suitable forimage 
3 pr„ccsstagisused,,heshapes„fthemdividualpressuremarksdiffer<romeaeho,her. Thus, 

3 detection is not always accurate. 
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Q BRIEF SUMMARY OF THE INVENTION 
t The present invention solves the above-described problems. 

The object of the present invenUon is to provide a novel means that accurately detects the 
position of a bonding tool. 

The above object is accomplished by the unique structure for a bonding apparatus and an 
offset method that is used in such a bonding apparatus that is comprised of: 

a position detection imaging device which images an object to be processed, and 
a tool which is installed at an off set position with respect to the position detection 
imaging device, 

and in the present invention: 

a reference pattern is projected toward the tool at a specified angle of inclination 
with respect to a measurement direction from a hght source that is disposed in a specfled 
position, 
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the posWon of the tool is measured based upon the referenee pattern projected on 

the tool, 

the position of the position deteetion imaging device is measured, and 
a,e amount of offset between the position detection imaging device and the tool is 
determined based upon these measuremem results. 

,„ the present invention, the reference pattern is projected on the tool (bonding tool) a. a 
specified angle of inclination with respect to the measuremem direction from the light source 
disposed in a specified position, and the position of me tool is measured b»ed upon the reference 
pattern that is projected on the tool. Thus, since the reference pattern projected on the tool rs 
detected with a position and shape that differs according to the position of the too,, the postfon of 
the tool is accurately detected based upon such detected differem positions and shapes. 

Furthermore, the position of the position detection imaging device (a position detection 
, . camera) is measured by imaging the specified reterenoe point by the position detection imagrng 
I device. Accordingly, fl« position detection imaging device that is used to image the object to l« 
processed can be used to measure offset amounts. 

,„ the presem invention, a reference member disposed in a specified position is used as the 
.„ reference point. Also, the projection of the reference pattern onto the tool and the measurement of 
S the position of the tool are both accomplished in an attitude in which the tool is caused to 
' approach the reference member. In addition, when the amount of offset between the positron 
detection imaging device and the tool is determined, the amounts of movement of the posthon 
detection imaging device and tool between an attitude in which the position of the tool ,s 
nteasured and an attimde in which the reference point is imaged by the position detection tmagmg 
device can be specified. As a result, the position of the tool and the measurement of the posttton 
of the position detection imaging device is measured with great accumcy because of the use of the 
reference member. 

Furthermore, in the present invention, it is possible so set so that the reference pattern is 
projected on both .he tool and the reference member from the light source and that dte position of 
dte tool is measured based upon the image Hght from dre tool and the reference member. As a 
resuh, the positional relationship between the reference member and the tool can be determmed 
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with good precision based upon the positional relationship between the tool and the light source 
and upon the positional relationship between the reference member and the light source. 

In the present invention, when the position of the tool is measured, it is possible to design 
so that an image light from the tool and the reference member is conducted to the position 
detection imaging device. With this structure, the position detection imaging device that is used 
to image the object to be processed can be used not only for detecting the position of the position 
detection imaging device but also for detecting the position of the tool. 

In addition, the measurement of the position of the tool can use two measured values. One 
is that which is obtained by measuring the position of the tool based upon the reference pattern 
projected on the tool. The other is that which is obtained by conducting image light from the tool 
and the reference member to the position detection imaging device and then measuring the 
positional relationship between the tool and the reference member by the position detection 
imaging device. In this way, the tool position can be measured more accurately. 

The present invention further provides a method for detecting the position of a tool that 
processes an object to be processed. This method of the present invention comprises: 

a step in which a reference pattern is projected on the tool and a reference member 
disposed in a specified position from a light source disposed in a specified position, and 

a step in which the position of the tool is measured based upon the reference 
pattern projected on the tool and the reference member. 

In this method, the reference pattern is projected on both the tool and the reference 
member and the position of the tool is measured based upon the reference pattern projected on 
the tool and the reference member. Accordingly, the positional relationship between the reference 
member and the tool is determined with good precision based upon both the positional 
relationship between the tool and the light source and the positional relationship between the 
reference member and the light source. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a perspective view of the essential portions of a bonding apparatus in 
accordance with the first embodiment of the present invention; 



Figure 2 is a front view thereof; 

Figure 3 A shows the direction of illumination and the position of the tool, Figure 3B 
shows one example of the reference pattern, and Figures 3C and 3D show light images of the tool 
illuminated by the reference pattern; 

Figure 4 is a block diagram of the control system of the first embodiment; 

Figure 5 is a top view showing the layout of the tool, position detection camera and 
reference member used in offset correction; 

Figure 6 is an explanatory diagram of the image obtained in an attitude in which the tool is 
caused to approach the reference member; 

Figure 7 is an explanatory diagram of the image obtained in an attitude in which the 
position detection camera is caused to approach the reference member; 

Figures 8A through 8E show other examples of the reference patterns; 

Figure 9 is a front view which of a modified optical system; 

Figure 10 is a perspective view of the essential portion of the second embodiment of the 
present invention; 

Figure 1 1 A is a front view of the essential portion of the third embodiment of the present 
invention showing essential parts, and Figure 1 IB shows the light image on the tool in the third 

embodiment; 

Figure 12 is an explanatory diagram of the essential portion of the fourth embodiment of 
the present invention; 

Figures 13A through 13E are explanatory diagrams of the images of the tool used in the 
fourth embodiment; 

Figure 14 is a perspective view of the essential portion of the fifth embodiment of the 
present invention; and 

Figures 15A through 15E are explanatory diagrams of the images of the tool used in the 
fifth embodiment. 



„,„e.*„«.hew.e.onai„.appa«.usaccord.„g.o*ef. 

present invention. a bondiflite^l^f ""'"""^ 

-seen^»n.nteua.n.ns-^ -^^^ 

„„anXVt*leUThe.onai„sar»3t^d^» ^^^^^^^^^^.^ 
.„icaiativi„s»-(nots.ov^^AW^^^^^^^^ 

end of the bonding ann 3, and V^f^ ^ „hich is a photoelectnc 

,..enedtotKebondi„Bhead2,-apos,«»«- ^ ^^^^^^^ 

^uoettype in-agingdevice e,»pped * ^^,„„ 7 andthe 

,p end of the eanteta hoide, 6. The opttcai J ,,,.u„„, ,e.. in the Z 

leen.et.aonhet..4a.eho.ho„en.ed^.»-^^^^ 

airectio. Tlte optiea, axis 7a and the axtai c^^ 4 ^ ^ 

^o^tsXtandYtTheXYtableits — m-^^^^^ 

„„„s (not sho»n) .nstalied » ^"'-^.t Uons in an integral «o„ whiie n^aintaining 

, the offset amounts Xt and ^ i ^^^^ ^ 

^ .tai,,3is,nsta,,edinthevicin,t.ofa-ngsta^^^^^^^^^ 

,en,toonduototdevice(no.shown). 7";^*;;^„^^„nhe,ai„3. A ptisn, iM laser 
...nedinanupti^tposittonisfastene — 

aiode .5 whieh is nsed as aUgh. source ^^^^^^^ ^^n. 

ed.>.sh.U.h.so.oeared.s.^ 

---"^^^-^■•''"r';;f;^^idi„del5isorienteda.anangieot 

projectedtowardthetipendofthe.00,4. „,,^^.,ho™inFign«3Bis 
,reoti>inearpanernotien.edin.hehor,.n..-^^^^^^ 

.edas.he.ef«»^--* ^^^^^^^^^^ 
re.renoepatternEisptoieetedon.e™*^- 

4 is in position B sho»„ in E.gure 3 A, *e .te P ^ ^ ^^^^^ ^ ^^^^^^ ^^^^ , „ 
l„«r end of the tool 4 as shown ,n Figure 3U. 
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The laser d^oae ,:ve surface i»a „U is caused to aw 

TWe interval d2be ,er 30 set so tl^ -.on detection camera ^ an 

moftVverefe^"''' 7 a of tl^e position o 

a axial center „ the optical ax^s^^o 

^ . *;c between tneuy T\ieterm 

; Wecertticl^"*'^ ate 8=n«'" ;( to object P»»"°" 

„ffseumoun«»»1 ^ 
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„„„t<: then the relationship shown 
„„ „ U where ^ and AV « *e offse. co„ec»o« amounts, .hen 
memory 23, ..e.,w , ^..^ ^^^^„ fese accurate offset amounts » and Yt, 

^^^::":w:l-,„memor,,an.theoff.^ 

Numerical Expression I 
Xt = Xw + AX 
Yt = Yw + AY 

Yt and Yt will be described. 
--=----"'*^*^7T::xlnsar.e„.acommana 
as indicated hy the soiid iine in F,g«e 5. the X ^^^^^ ^^ ^^ ^^^^ 

' ftom the operation control device 20 (F.gure ™ ^ „^ 

.„„, 4 is io«red to ahei,M where .t — „ mcm^r 30. Here, 
center 4a of the too, 4 is caused to he postttoned tn t^ ™ ^ 3^ 
,,.«e„.i,thetooi4isinposit.onta.ao^^^^^^^ 

imaged by the position detection catner X no 

..H.ocoincidewith.hea.,aicenter30aonhere ^ ^^^^^^^^^^^^^^^ 

XHen,.hetooUa„dthere.rencemem^^^^^^^^^^^ 
camera 7, and the positional relattonshtp of the 

values of AX, and AY„ is measured. ^ .^^^^ 

..„from.i.t.,2,witht— ^P;;-^-^^ 
U^. of the .<K,1 4 and reference member 30 ts refle^ ^ j.^, 
18 and conducted to the position detecuon came ^^^^^^ ^^^^^ 

.aserdiodef. ^^-'-'^T: rldt ^^^^^ . 
.section camera 7. This image ,s then subjected t J P ^ 

™o^'»"--— nrrcenter,.^ 

,V, between the axial * ^ of the outlines of the tool 4 and reference 

is calculated based upon the postttonal coordtnates 

member 30. projected ftom the laser 

Meanwh,,e,asdescHbedabove,.here.rencep.m^^^^^^^^^^ 

diode 1 5 is projected at a different height posttton on the 
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• AX between the axial center 4a 

..H..eXa.c.o„. — e^^^^^ 
„f«,e,ool4a.d*eaxia,c=n.er30ao(fl> «t ^^^^^^^^^^^^^ 

pattern. ^l^e reference member 30, i.e., the 

^«e.via*eXY*oo„.roUev.ce2Lm 

XV, andYv. stored beforehandmthe memoo.2 . ^^^^^^^^^^^^^^ 

subjected .0 app.opna.e taage process^. ^„,,„„ „ 

„ialce„.er30aot.he,*re„cemember30and. 

cameB 7 are thus calculated. j i„ memory are the accurate offset 

„,eo,.seta.ouutsX.a„dV.stored — .-J^^^^^^^^^^^^^^^^ 

„„„„tsXta„dVt,the„theoffsetcorrect,ona.^.. X 

,„,..,sKouldasree«ith.X.a„d«.H-.^^^^ 
.oredheforehandlnrnernoryareapprox-^^-^ 

e^pandsasaresultoftKerutaleffectsa^-^- ^^^^^^ 

values anO AV . ^0 °« ™* *^ "7 .,e offset correction amounts .X 

„„ectlon amouu-s) AX and AY ^ Sen-e ' AJ ^ „f 
,„aAYare calculated f^ntthenreasured values of AX.an 

^dAY.usingNnmerical Expression 2. 

Numerical Expression 2 

AX -AX, -AX; 

AY = AY, - AY. ^^^^ ^^^^ 

,„.er«rds,theoperationcontrol 

AX and AY usin. >)umerical Express,on 2. U ^^^^^ ^ 

,„aYtbyaddingtheoffsetcorreet,on amounts AX andA 
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....„...o.. — ^^^^^ 
subsequent bonding operations. 

,5, which is disposed in a specfed posmon. Then P 

measured based upon ,he reference paUem L projected on 4e tool ^^^^ 
reference paUem L is projected at different hei^t posrtrons accord, g o * posrt, 
:Thepositionof.he.oo,4in*eXdirect,oncanhe.husaccura.e„de.ected. 

3 ' ,„f the Dosition of the position detection camera 7 is accomplished by 

a The measurement ofthe position 01 tnep -, rbn. the oosition detection 

A u irmv.hfnosition detection camera 7. Thus, the posinuu 

?■ measured using the refeience member 30 as a referent. , ^^^^^ 

the reference member 30. 

Furmermore the prism i 8 is installed which conducts image light from *e tool 4 and 

Furthermore, me F . 7 ArcordineW the position detection 

itself but also for detecting the position of the tool 4. 

ti.P tool 4 the above embodiment uses the measured 
When determining the position of the tool 4, tne aoo 

J 1 ;„ ti,P Y direction The measured value in the A 
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measuring t p ..eordingly, the measurement in the Y direction, m which the 

:r;i::::: — ^^^^^^^ 

ZL 4 which has a « broad Md of vision. In addition, .he — „ » 
:2l:i„™hich.ea„oun.o«evia.ionis — s™a,,,ca„hepe.o™ed™,hsood 

precision based upon an image of the reference pattern L. 

:„U,eaboveen,bodi.ent, the nteasut^ntentofthe position of thetoo.4«.heXdirechon 

„f,hepos.tionofthetool4mtheY H.to measure the position ofthe tool 4 in 

; the tool 4. Instead, in the present inventior,, rt ,s posstble to measure the p 

U d,rect,„n(s,m,lar to the laser drod J ^ ,Ke Y direction. Optical 

■« and the image of the reference member 30 ts ^ken by 

3 members that conduct a light image of the reference member 30 as seen from 

S the position detection camera 7 can be further installed. 

S ,n the above embodiment, the direction of illuminatiott of the laser diode 15 ,s se, 

Jde. and the tool 4 is illuminated by light oriented upward at an tncltnauon. 

Pur,herm„re,intheaboveembodin.ent,thedirec.ionofi,luminationofthelaser^^^^ 
. ■ 45= downward with respect to the hori^ntal direction. However, the dtrectton of 

shown embodiment, the measurement of the amount oi 

■ f,x.. fnn] A as seen from the horizontal direction. The 
performed based upon a light image ofthetooH as seen irom 

pertorme ..^version into the X coordinate in image processing is secured, 

advantage is that an easy conversion into the of detection of the 

However, if the direction of illumination by the laser diode 15 and the direction 
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from the horizontal direction. 

.he structure of the shov™ embodiment, the laser dWe .5 is fastened to Ure reference 
.^d,"t^n::sourcestand.4.However,.he,aserdiode.Scanhedisposed,nan,o*er 

:"lposiUon. The iaserdiodeiScanhe^enedtothe position de.ec„o„camera7. 

Purthermore,— ed.ii«ht.i,uminationisperformedh,«te,aserdi„de,6^^^^^^^ 
.„„o..r,it,s.sopossih,e.o — 
,3 position of the tool 4 based on an .mage of the * ^.^^^ 

5 ' „^„el light is obtained by combining a pinhole and lens wUh any 

:s:z::t:-L:,fore.^^^^^ 

, !:lLpandemissionportofanopt.ca,f,beris,dea,.alightsou.e.A^^^^^^^^ 

S omLd; however, when a pinhole is no. u.d, .he parallel orie„M.on of the Ugh. rays 

'2 deteriorates. , 

S ,„.,eaboveembodimen.,.herec..linearpa„emorie„«dintbehorizonta,directi„n.sused 

T Id i e a p^ten, in which ligh. in.ensity has a sinusoidal disttibu.,on. may also ^ 
r.r«:c;r*eeffectsofscra.chingorcontami„ationof 

l!elu,sotha.precisemeasuremen.canbe.rforme.bype.fo.™ing.mag,ngofthe 

i,lumina.ed pa«em *ree .imes wi.h .he phase shifted by ,20" each .im=. 

,„tt,eaboveembodimen..ft,rd,ermore,*e^si.iondetec.ioneamera7isusedforim^^ 
ofboththetooUand thereference member 30. ,fthedis.anceftom.heobiec.to^bo ed.„ 
Zsitionde.ec,ioncamera7isdifferen..ha„.hedis»cefrom«.e.„ol4a„dreference 
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7 ihf .iiye of the image of the reference member 30 
««,hpr ^0 to the Dosition detection camera 7, the size ot tne imag 

r:oHlte..e„ce.e».e.30.eco.es>.poss.,e.^ 

,e„s wi.h oharaceristics which are such .ha. fte size ot.he image does no. vary eve .f he 
;:;:!onheohiec.ofi.asi„s««„a.es.— ,y,.heae.ec«o„ofposi.io^ 

based on such images can be accomplished accum.ely in all cases. 

FuAennore, in *e above emhodimen., .he amou„.s of dcviaiion of *e .00, 4^d 
„ member 30 are measured using images of *e .ool 4 and reference member 30 cap.«ed 
:leXdlrec.ionand.direc..on,i.e.,froman.es.ha.di.feredb,,O^.Ho..^^^ 

a„g,e„ta,e.o„14and..fere„cemember30canbeo.hcranglesand„ecessar>ly90 Tire ^ 
:,Uon,n«hich.herefe.ncememher30isins.a,ledisno.limi.ed.o.heposi.,onshownm.he 
rmramen.....sdesirable.ha..hispos..ionheascloseaspossible.o*eposi.io„ofane,eme„. 
„. Ilhichhondingisperformed. Pu„hermore, a proceed porUonofan element on wh,ch 
™ bonding is performed (e.g., lead frame) can be u.ilized as .he reference member. 

,„ .he above embodimen., tohermore, .he .ool 4 and posi.ion de.ec.ion camera 7 are 
S moved and .he posi.ionalrela.ionship be.ween .he posi.ionde.ec.ion camera 7 and reference 
l,:er30.smLureda,.er.heposi.,onalrela.ionshipbe™een.e.o„14andreferen.mem^^ 
S To Leasured. However, U,ese .wo mea—s can be performed in U,e reverse order, and 
such s.eps arc included in «ie scope of the present inventton. 

,„ d,e above embodimen., .he light image of the tool 4 and reference member 30 is 
conduced "as is" «, *e ,»si.ion de.ec.ion camera 7 via fte prism IS. A corrective lens 5 can be 
additionally inst.,edbe.weentheprism,Sandrcferencemember30asshownm^re.h^^^^^ 

arrangement shown in Figure 9. the corrective lens 50 is fastened to the reference stand by a 
I^tive lens suppor.ingstand52. When only .helens7eisused,the focal pos,t,on,sthecenter 

::oftherenectivesurface,Saofthepnsm.S.whichissepara.edfromthe ma. o^^^^ 
plane of Ure position detection camera7 by a dis^ce of dl. Furthermore, whenboth .he lens 
He Jctive lens 50 are used, the focal position is the axial center 30a of the reference 
:lber30,whichissepara.ed,.mtheimage.f„cusingpl.eoftheposUiondet— ^ 

by a dis^nce of dl . d2. The lens 7e mounted on *c poshion deicCon camera 7 can be 
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disposed as shovm in Figure 2. However, .hese components are om,«ed m F.gure 9. 

,U,earra„ge„en.sh„wni„Fisu«Mo.MHe.oo,4ana*ere.,en«.e„.^^^^ 
i„^edby*eposi.ionae.ec«o„ca,nera7via.hec„rrec,ive,ens50»dpnsnr S.^^^^^^ 

!live lens 50 is interpose, the distance to .he focal position in thrs case ,s dl . d2 Next, 
correetwe lens 50 rp _^ ^^^^^^^ ^^^^^^ 

::rSi"t"Lve,ens50isnotinter.sed,tKedistance.othef<.a,.intinthisc^ 
rd,tnin*estruct.eofFig«re,>edistancetothe focal position isalteredh,n,e.sof 

or^::e,ens50,„hiehishe,dasanrn,egr.partoftherefere„cesta„dn»^^^^^^^^ 
1 reference nrember 30. Accordingly, in the structure of Figure 9, the corrects lens 5 o^ 

i r V U nath as a result of the operation that moves the tool 4 and reference member 30 tn.o 
S tnto the hgh. pa^ as a r su^t P ^^^^^^^ ^ ^^^^^ 

1 ::ir:e=shet«een.ein.ging.epofho.the.oo.4^ 
memberJOhythepositiondetectioncameraTandthedirectimagingstepofthereference 

'f member 30 by the position detection camera 7. 

!'3 Next, a second embodiment will be described. 

2 m the above-described first embodtment. the tool 4 and position detection camera 7 are 

0 ^.dreLthemeasurementofthepositionalrelationshipofthetooUandthereference 

Tel to and the measurement of the positional relaUonship of the position detecfon camera 
:d:^erencemember30,and,hentheoffsetam„un.saredeterminedbyaddtng«^^ 

Tfle movements of the camera 7. This is advantageous in that the offset amounts can ^ 

very accumtelywiththeuse of thereferencemember 30, Which isco_fe.nce 

^ .for Jme— . However, it is also possible that the .ool4 and .epo.^ 
Lection camera7arenotmovedbetweenthe.womeasurements(i.e.,amethodmwh.chthe 

amount of movement is zero). 

• tr- 1 n n nrism 1 30 which has a reference mark 1 30a 
More snecifically, as shown m Figure 10, a pnsmiJuwm^ 

Morespeuu^ y, 1 1 a lieht source stand and a laser 

so that the tool 4 is illuminated with references patterns L. and L, Irom 
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,e„s 50 sho™. in Figure 9 en be installed in ,he embodimen. of Figure .0. 

,„ .,e e^bodinten. of Figure 10, *e reference ™arR 130a is imaged by .he position 

• • Av AY, are determined by converting this 
7 onH thp amounts of deviation AXi and AY i are aeienmuc y 
detect on camera 7, and the amounis ui u 

,„.,einr„a„e.eetr.^signa.andsu.eea„g.biss..aUor.a^^^^^^^^ 
^ ih. nrism 130 by the position detection camera 7 m this state, ana xne 
„:::r::Xre— edb,perfor.,„gi.a.^ 

3 L <,„.,i„e of .he .00, 4 and .he in^age of *e reference panems pro.eCed on .he .00, 4 ,n *e 
S r. " acuircd Tl,en, .he accu«.e offse. an,oun.s are calculated from Utese antoun.s of 

' The enthodinten. of Figure 10 is advantageous in that Ute correction of the offsetcan be^ 

3 perfoJed^uiC. This is because there ,s no need to move the position detechon c^. 7 and 

Cdiode 15. However. suche^orscanbeminimizedbyempioyingthear^ngemen.^ 
p:velse,rorsinU,eposi.ionalre,ationshipbet«eenthe two components andbypenodtcally 

correcing .he posi.ional relalionship of such componen.s. 

Next the third embodiment of the present invention will be described. 
,„ this third embodiment, as shown in Figure 1 lA; reference patrems L , - U^^ 
p^iected downward at an inchnation onto both *e .ool 4 and reference member 30 ftom a ta^er 
d Cshown)wMchconstitu.esacommon,igh.source. Tlter^ferencepan^ 
ralproilfromseparate Ugh. sources. lnsuchacase.however..hespac.„gand^ 
:::;ofJli;sourc.smus.bepreciselyse..Acotrective.e„ssimilartothecorrec.,veie. 

50 shown in Figure 9 can be used in .his embodiment. 
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^ ,Ke tool 4 and reference member 30 are imaged by the 

lilseof^ereterencepa^ernU-projecredon 
p„*nae«eUoneamera7v,a.bepnsm,S^-^ 

Lamonn.s«fdev.aUo„.X.and.V,be.ee„.e 
- « shown m F,su« . IB . ob^ ^^^^^ .„ and 

4 ^d reference member 30 ^ de ^^^^ ^^^^^^^ 

fce accurate offset amounts are calculated base ^ . ejected on both the 

^.,i„thethlrdembodlment,.hereferencep.tem=-^^^^^^^ 
,^Handreferencemember30,andthepo..no^^^^^^^^ 

taages. Acoordingly, the measured value of the ^s^ ^^^^^^^ ^^^^ 

U^t so^ce is corrected based upon the " ^^^^^^^ 30 and the tooi 4 

,„ a!d the. ight source. T.e positional reiationshtp between the refcre 

5 is thus determined with much better precision. 

I .ex.,thefourthembodimen.ofthepresen.inven.ionshownh,P.St.en™«^e 

tl detection camera 7 is positioned directly above ^ ref^e^ .^^^^ 
,„^i,5isse,sothatitpro3ectsare,erencepat«m3U^«^^^^^^^ 

„ position. Which is the middle posttton o the P 

the corrective lens 50 Shown in Figure 9 can 7 via the prism 130, 

..isst™ct«,.het„„U,simagedbythepo.tiond^t.».m«a- 

.,eprocess.ngisperformedon.eimage— 



counts of devtatton. „ftetool4 differs according to the position of 

The image that is obt^ned by the rmagtng of the too d ^^^^ ^ 

.Heaxia.center4aof.hetooM. Inacase where the center U 5a of the r 
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. f .he tool 4 coincide, the image obtained is as shown in Figure 13A. In a 
,^„he„.heax,.c^eW^^^ 

shown in Ftgure 13B In a case wh ^^^^ ^^^^^^ ^^.^^ 

such images. 

Figure 14 shows the fif* embodiment of the present 
,„.hisr.hembodime„.,b„ri.onta,..ne.orrnr.erence^^er.^^ 
=_.rencepatter„showninHgure3Barepro3ected„n..«too, .m^^^^^^^^^ 
5 , u ^- The fifth embodiment differs from the seconu 

:0 as in the second embodiment. The fifth em , .^e light source is omitted. 

1 .hedirectionofprojectionisinclined upward. InFigure 14,thehght 
' b . . ^fthP tool 4 in the fifth embodiment ditters 

Furthermore, when the axiai ceiuci 

.. J u ,o tiiPnrocessine member is a single tool 4. 

•--'*"™"r— u!iretamoun.sbetweena,ur.it,of 
However, the present invention can be used to measure th ,^„jf^, 

^onntsamongsuchapluraiityofworkingheaddevtoes. 

„re,thedeseribedembod.ments,thep.sms>Sa..d,.^^^^^ 
opticaimembersnsedinthepresent — mavhaveanyco— ^^^^^^^^^^^^^^^^ 

eonducti„gimage..gbtC.mtbepro.ssinsm™^ 

the position detection imaging device. For example, v 
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disposed so as to face the processing member at different angles. Furthermore, in the above 
embodiments, the imaging device is a camera. The imaging device used in the present invention, 
however, may have any structure that is capable of detecting light. For instance, a line sensor can 
be used. In addition, the embodiments of the present invention are described with reference to a 
^^xsJ,,2i^ng^2&?- iio^vcvor, it goes without saying that the present invention is applicable 
to various other tj^esofbondin^ 
^pparatiises^dflip-chip,bpndm£ap paratuses. 
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